Background: Iodinated contrast media may contribute to acute kidney injury. However, several recent works suggest that this toxicity is minimal in the clinical setting. Recently, urinary G1 cell-cycle arrest proteins tissue inhibitor of metalloproteinase 2 (TIMP-2) and insulin like growth factor binding protein 7 (IGFBP-7) were identified as highly sensitive and specific biomarkers for early detection of kidney aggression. The impact of contrast administration on those biomarkers has not been specifically evaluated but could provide clues about the toxicity of contrast media. This study aimed at measuring changes in TIMP-2 and IGFBP-7 urinary concentrations before and after a contrastenhanced computed tomography in critically ill patients.
Background
Acute kidney injury (AKI) is common among critically ill patients [1] . Even mild forms are associated with significant mortality and morbidity [2, 3] . Among the numerous causes of AKI in the intensive care unit (ICU), the toxicity of iodinated contrast media (CM) has been considered, for long, to be an important contributor, so called contrast-associated AKI (CA-AKI) [2] . Indeed, the nephrotoxicity of iodinated CM is undisputed in experimental studies [4] . However, in the clinical setting, several recent works suggest that, using modern low osmolarity iodinated CM, the incidence of AKI following exposition to CM is not higher than in matched non-exposed patients [5] [6] [7] [8] [9] . In other words, there is increasing evidence of a minimal nephrotoxicity directly attributable to iodinated CM in the clinical setting of multifactorial renal aggression in the ICU, but also among general ward patients and in the emergency department [5] [6] [7] [8] [9] [10] [11] [12] . Early AKI detection is challenging as diagnosis is delayed until serum creatinine concentration rises and/or urine output decreases. Such delayed AKI diagnosis makes it difficult to assess the causal implication of CM among other renal aggressions. Performing a randomized trial testing CM versus placebo, albeit desirable to evaluate CM implication without any bias, would be ethically, at best, very difficult to perform.
Thus, other methodologies, such as kidney aggression biomarkers analysis may be of value to complete the evidence provided by epidemiologic studies. Recently, in ICU patients, cell-cycle arrest biomarkers were identified as very promising for early detection of kidney aggression: the combination of tissue inhibitor of metalloproteinases-2 (TIMP-2) and insulin-like growth factor binding protein-7 (IGFBP-7) showed high sensitivity and specificity, outperforming other biomarkers for early detection of AKI [13, 14] . To the best of our knowledge, the performance of [TIMP-2]·[IGFBP -7] has not been specifically evaluated in toxic AKI, despite some common pathophysiologic pathways shared among all AKI etiologies. Thus, quantifying cell-cycle arrest biomarkers before and after iodinated CM infusion as a direct evaluation of kidney aggression could be a means to confirm the recent, creatinine-based, epidemiologic evidence questioning the clinical relevance of CA-AKI. Furthermore, in the clinical setting of multifactorial kidney aggression, evaluating the effect of iodinated CM on those biomarkers is also important.
The aim of this preliminary study was to measure changes in TIMP-2 and IGFBP-7 urinary concentrations after iodinated CM-enhanced computed tomography in ICU patients.
Methods
We prospectively included adult critically ill patients with a urinary catheter undergoing a first intravenous iodinated CM-enhanced computed tomography. Patients were not included in case of anuria or other reasons preventing urine analysis (e.g. urine mixed with drainage fluid). The study protocol was approved by the ethics board of the French intensive care society (CE SRLF 14-16). In accordance with national regulations, patients and/or relatives were informed about the study and could decline participation, written consent was waived. Presentation follows the STROBE statement on reporting observational studies according to the EQUATOR guidelines [15] .
Three urine samples were collected from the external collection bag attached to the urinary catheter. The first sample was drawn few minutes before the transfer to the imaging facility (baseline), the second 6 h after and the third 24 h after the infusion of iodinated CM. Within 1 h after collection, urine samples were centrifuged 10 min at 2600 g then supernatants were immediately stored at − 20°C
. At study completion, samples were thawed immediately prior to analysis. IGFBP-7 and TIMP-2 were simultaneously measured using the NephroCheck® immunoassay Clinical data were prospectively recorded in patients' charts: patient demographics, prior health history, serum creatinine concentration before the current admission (during the preceding year, outside of any AKI) and last serum creatinine concentration before CM infusion (baseline serum creatinine concentration), main ICU admission diagnosis, reason for computed tomography, type and volume of CM infused.
Daily data from inclusion to the third day after CM infusion were also collected: serum creatinine, urine output and nephrotoxic drug administrations. The occurrence of AKI was evaluated according to the Kidney Disease Improving Global Outcome (KDIGO) guidelines [2] : for instance, stage 1 was defined as a 1.5-1.9 times increase or ≥ 26.5 μmol/l increase in serum creatinine as compared with baseline serum creatinine concentration and/or a urine output of < 0.5 ml/kg/h for 6-12 h.
Outcomes
The primary objective of the study was to calculate individual changes in [14, 16, 17] .
As a secondary objective, changes in [TIMP-2]· were compared between patients developing CA-AKI, defined as a KDIGO score increase within 3 days of iodinated CM infusion. As ongoing AKI at the time of CM infusion may represent a confounding factor, analysis was also carried out among the subgroup of patients without AKI at the time of CM infusion. 
Statistical analysis

Results
From April 2014 to March 2016, 77 patients were included (Table 1) . Most patients presented with acute respiratory failure, coma and sepsis at ICU admission. A history of chronic kidney disease was present for 5 patients (7%). CM infusion was performed 48 h [18; 183] after ICU admission. Seventeen patients (27%) were exposed to additional nephrotoxic medication the day before CM infusion. At baseline, 42 patients (55%) had no AKI, 20 (26%) had KDIGO stage 1, 13 (17%) stage 2 and 2 (3%) stage 3 AKI. Thirty-eight patients (49%) received fluid loading immediately before CM administration. No other specific CA-AKI prevention measure was implemented. Twenty patients (26%) were exposed to additional nephrotoxic drugs the day of CM infusion. 
Influence of baseline renal function
As already ongoing AKI at the time of CM infusion may be an important confounder, we performed a subgroup analysis among the 42 patients without AKI at inclusion. 
Discussion
Among critically ill patients included in this study, CM infusion for an enhanced computed tomography did not -7] in their decision making process should not consider CM infusion neither as a significant cause of increased biomarker values nor as a major risk factor for development of AKI.
Our findings support the hypothesis of a clinically negligible toxicity of iodinated CM as used for enhancedcomputed tomography. Indeed, there was no evident relationship between the increase in the sensitive urinary biomarker we used and the occurrence of a subsequent worsening of serum creatinine and/or urine output. In line with several recent epidemiologic studies, this suggests that, in AKI following an enhanced-computed tomography, the causal role of iodinated CM has been exaggerated for long [5] [6] [7] [8] [9] [10] [11] [12] . Indeed, the multifactorial nature of AKI is particularly true in the setting of critical illness with multiple renal aggressions aside of CM. It is noteworthy that, in our study, when restricting analysis to the patients without ongoing AKI at the time of CM infusion (n = 42), only a minority (n = 10, 24%) experienced a significant increase in [TIMP-2]·[IGFBP-7] (≥0.3) at 6 or 24 h after CM infusion. However, among them, CA-AKI incidence was particularly high as 7 out of 10 developed CA-AKI. Conversely, CA-AKI incidence was lower, only 44%, among patients without ongoing AKI and not increasing [TIM-P-2]·[IGFBP-7] after CM infusion. This result is in line with the high performance observed for cell-cycle arrest biomarkers in detecting true kidney aggression. Nonetheless, the difference between these incidences we observed in these subgroups did not reach statistical significance, possibly because of a lack of power.
Again, those results are potentially confirming the very limited kidney aggression induced by modern iodinated CM, aggression which is probably negligible compared to other causes of AKI among critically ill patients. However, specific pathophysiological pathways and measurement timing issues may be considered to explain the lack of association observed between CM infusion, change in urinary concentration of [TIMP-2]·[IGFBP -7] and CA-AKI.
[TIMP-2] and are both involved in G1 cell-cycle arrest during the very early phases of cell injury, a key phenomenon in septic and ischemic AKI [19, 20] . The Sapphire Study validated these biomarkers which outperformed other kidney aggression biomarkers among a large heterogeneous ICU population [13] . In the experimental setting, aside of direct osmolality-related tubular toxicity, pathophysiology of CA-AKI is believed to involve microcirculatory alterations and vasoconstriction resulting in medullar kidney hypoxia, oxidative stress and mitochondrial alteration [4] . As those pathways are common to most AKI etiologies, CM-induced increases in urinary and would have been expected. However, one cannot rule out that human pathogenesis differs substantially from animal experimental models and that CM-induced kidney aggression predominantly occurs through G1 cell-cycle arrest independent pathways. Nevertheless, other biomarkers also showed inconsistent increases after CM infusion [21] [22] [23] . Very recent data explored the kinetics of cell cycle arrest biomarkers after various kidney aggression [24, 25] . Among 642 patients suffering various renal insults, Ostermann et al. [24] .
Study limitations
Patients in this study received various iodinated CM, mainly iohexol, iobitridol and iopromide (Table 1) , results generalizability to other low osmolarity CM may warrant specific studies.
Timing of urinary measurements in the present study may have been inadequate to show a CM-induced increase in
increase later than 24 h after CM infusion, is unlikely as values rather dropped from 6 to 24 h after CM (Fig. 1) -7] was performed using the point-of-care Nephrocheck® measurement device which may be seen as a limitation. Indeed, different performances of each component, such as observed in other settings, with TIMP-2 outperforming IGFBP-7 for sepsis-induced AKI diagnosis and IGFBP-7 being superior in the surgical setting, could not be evaluated [13, 27] . These differences may underline subtle but important mechanistic differences between various etiologies of AKI, and the different pathways of kidney cell injury. Unfortunately, separate values for TIMP-2 and IGFBP-7 could not be measured in our study.
Inclusion of a control group of patients not receiving CM would have enabled to clearly delineate CM attributable increases in [TIMP-2]·[IGFBP -7] . However, at best, changes in [TIMP-2]·[IGFBP -7] would have been similarly insignificant in a control group given the results of the present work.
Our study was not designed to assess the performance of [TIMP-2]· for the early detection of CA-AKI. Using a sensitive biomarker, this study rather aimed at addressing the issue of the clinical relevance of the toxicity of iodinated CM in the critically ill with a stand point complementary of epidemiologic studies [5] [6] [7] [8] [9] [10] [11] [12] . However, despite robust validation studies [13, 14] , one cannot definitely rule out a lack of sensitivity of [TIMP-2]·[IGFBP-7] to explain our findings. The 0.3 cutoff value chosen to define a significant increase in [TIMP-2]·[IGFBP-7] after CM infusion has been only proposed previously as an absolute value to assess the risk of AKI, in studies not specifically addressing CA-AKI [16] . The median change in [TIMP-2]·[IGFBP -7] was similar among patients worsening (55%) and patients not worsening their renal function after exposure to CM (45% of patients), therefore, as suggested by Fig. 1 , the choice of a different cutoff would not impact our findings. Nevertheless, given the numerous confounding factors which may contribute to AKI, results should be interpreted cautiously.
Last, since CM infusion did not induce significant changes in urinary [TIMP-2] ·[IGFBP -7] , lack of power may be a contributing factor. The study was powered to detect a 0.3 increase in [TIMP-2]·[IGFBP -7] , one cannot exclude that smaller but statistically significant increases may be detected by a larger study, which may also enable to perform several complementary subgroup analyses.
Conclusion
Changes in urinary concentration of [TIMP-2]·[IGFBP -7] induced by contrast-enhanced computed tomography were insignificant. Those results are compatible with the hypothesis that kidney aggression induced by modern iodinated CM is minimal. 
